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I. SUMMARY 

The -purpose of- .this contr.act is to provide NASA with assistance in 
planning the return of a Mars sample to Earth. Emphasis has been placed 
on the development of a basic warning system to assess the biohazard of 
a Mars return sample or spacecraft prior to its return to Earth. Further, 
design concepts are under investigation for the development of a Plane- 
tary Receiving Laboratory that will meet the scientific requirements of 
investigators while maintaining quarantine conditions. 

In the development of a basic warning system, the model ecosystem 
concept has been advanced as the most reliable, sensitive method for 
assessing the biohazard from the Mars sample before it is permitted on 
Earth. Two approaches to ecosystem development have been studied. 

In the first approach, the Mars sample would be introduced into the eco- 
system and exposed to test conditions which are as similar to the Martian 
environment as the constitutent terrestrial organisms can tolerate and 
still function. This approach gives the Martian organism the best chance 
of survival and permits it the maximum expression of its capabilities. 
Consequently, the literature has been surveyed to select the most hardy 
terrestrial candidates. Laboratory-stressed microorganisms as well as 
organisms which are naturally subjected to harsh terrestrial environmental 
conditions, namely, alpine tundras, desert Homes, and the dry valleys of 
Antarctica have been reviewed. 

In the second approach, the Mars sample would be tested to 
determine its effects on- important terrestrial cellular functions. This 
might be accomplished with the ecosystem under either Mars or terres- 
trial conditions or, preferably, in separate ecosystems under each-set 
of environmental conditions. Consequently, a survey of key cellular 
functions has been conducted to delineate those most important to 
terrestrial life for testing in the model ecosystem. 
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FurtLer, the possibility of combining these two approaches by 
examining the effect of the Mars organism on these vital processes in 
terrestrial organisms which can function at or near Mars -like conditions 
has' been examined. 

In addition to the development of a basic warning system, efforts 
have. been directed toward establishing design considerations for the 
Mars Planetary Receiving Laboratory. The problems encountered with 
the Lunar Receiving Laboratory have been evaluated in this context. A 
questionnaire has been developed to obtain the necessary requirements 
from knowledgeable scientists for important experiments to be conducted 
in the Planetary Receiving Laboratory. 

Efforts for the next reporting peripd will proceed with selection 
and the beginning of laboratory evaluation of some simple candidate eco- 
systems. The Planetary Receiving Laboratory study .will also be pursxaed 
with questionnaire distribution and assessment of initial returns therefrom. 
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n. DEVELOPMENT, OF THE ECOSYSTEM 

CONCEPT AS A BASIC WARNING SYSTEM 

A. Rationale 

One of the options for the next step in planetary exploration, 
perhaps in the 1980's, is the return of materialfrom Mars (1). Our 
present state -of knowledge requires that any Martian sample must be - 
regarded as a possible source of life forms dangerous to Earth. 
Considerable experience with the problems of maintaining quarantine 
of extraterrestrial material was gained during the Apollo program. 

Despite precautions such as the Lunar Receiving Laboratory and 
Quarantine Facility, the Earth was contaminated with lunar material 
beginning with the re-entry of Apollo craft into the atmosphere and 
continuing at intervals throughout the quarantine period (2). Quarantine 
procedures for Martian samples should be more rigorous not only 
because of past experience but also because prospects for life on Mars 
are greater than they were for the moon. 

One objective of the Mars sample return program is to design 
an improved Planetary Receiving Laboratory (PRL) for absolute contain- 
ment. However, some possibility always exists that the quarantine will 
be broken. The Space Science Board concluded (3) that "extraterrestrial 
life and the concomitent possibility of back contamination must be presumed 
to exist, " and an AIBS study group (4) concluded that "current LRL quaran- 
tine protocol is by no means adequate to protect the Earth from contami- 
nation by injurious agents of extraterrestrial origin. " Some of the possible 
advei'se effects of extraterrestrial life on Earth life have been enumerated 
(5,6,7.). 

These concepts, coupled with the fact that there is no -way to ascer- 
tain absolutely that Martian organisms are not pathogenic or that they 
cannot adversely affect some vital process on Earth, have led to con- 
siderable opposition (2) to the return of a Mars sample to Earth 
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regardless of quarantine precautions, in a survey (8) of prominent 
scientists, several possible methods were offered to minimize the 
risk. Dr, J, Lederberg of the Stanford Medical School suggested that 
tests be conducted on Mars to determine whether' terrestrial environments 
were inhibitory for growth of Martian organisms. Dr. Klein of the Ames 
Research Center -suggested that experiments exposing a variety of ter- 
restricil organisms or delicately balanced ecosystems to Martian soil be 
conducted on Mars prior to the return of a -sample to- Earth. Dr. M. 
Alexander of Cornell University concluded (8) that a determination of 
the species essential to the Earth's biosphere should be made and that 
selected representative species should be included in a quarantined 
exposure to the Mars sample. In an elaboration of these studies (7), 
Alexander suggested monitoring for possible modifications in key 
microbial reaction sequences such as photosynthesis, evolution, 

O- - consumption, nutrient regeneration, and nitrogen fixation. Population 
abundance and species diversity could also be studied. 

In agreement with the ecosystem approach, one of the specific 
recommendations of the AJBS Board (4) was that "the most significant 
test system may be that of Martian material exposed to the widest possible 
spectrum of Earth conditions involving at least several Earth ecosystems,. 
The approach could be made by beginning with simple soil systems with 
associated microfauna and flora, and, in later tests, extended up the 
food chain to higher plants and animals, " The use- of test systems such 
as bacterial cultui'es or small mouse colonies has been suggested by 
others {9). 

Thus, although no direct determination of pathogenicity on man 
can be made, an assessment of the effect of a planetary sample on vital 
Earth processes may be achieved through using-model ecosystems as a 
Basic Warning System. These test§ may be performed in Mars orbit, 
during the return flight, on the -moon, or in Earth orbit. In this way 
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a decision may be made regarding tbe disposition of the sample before 
the Earth's atmosphere has been contaminated. The development of such 
a system and its testing prior to allowing any samples to be brought to 
Earth may provide the needed safeguard and, also,' a means for preventing 
", . . adverse public reaction to a returned, unsterilized sample as a result 
of concern for damage to life" (1, 10). This ecosystem can monitor bio- 
hazards resulting from interference with the basic terrestrial life 
processes. If any vital process is interfered with, the changes to our 
system will be clearly indicated. While a negative result cannot rule out 
some adverse effect on Earth, it would lend considerable assurance that a 
catastrophic impact is unlikely should some Mars material escape to our 
environment. 

B, Types of Candidate Systems 

An ecosystem may be defined as. ". . .the total of interacting 
physicochemical and biological factors in a microenvironment" (11). 

This is a nonrestrictive definition including forests at one extreme and 
a laboratory slant culture at the other. Some definitions do restrict the 
term "ecosystem" to environments f-unctioning in nature. Our ecosystem 
of necessity must be removed from nature. 

There are several reasons for choosing as simple a system as 
possible. First, a multi-level ecosystem is difficult to maintain under 
the best of laboratory conditions. Second, a balanced complex ecosystem 
will not readily .respond to alteration in a single species as it is not 
sensitive to small changes (IE). Third, even if a response does occur, 
it will be difficult to monitor because of compensation by other species 
moving into the vacant niche. Thus, the choice of a simple model eco- 
system is predicated on the need for a sensitive system that will show 
a definite quantifiable I’esponse to an adverse effect caused by a Martian 
life form. 
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The main adverse effects of a Mars life form on terrestrial 
life are two-fold. First, the Mars organism may produce disease in 
man or the plants and animals upon which he depends for survival. 

Second, the Mars organism may interfere with some biological process 
vital for the continuance of life, such as 'photosynthesis or nitrogen- 
fixation. A model ecosystem which permitted direct observation of 
higher life forms over long periods of time would assess the possibility 
of disease production, while a microbial system can be used to determine 
effects on the vital processes represented. Other potential effects, such 
as the consumption or transformation of some necessary resources, 
would be difficult to evaluate in model ecosystems. 

One of the main problems in developing a model ecosystem is 
the selection of the organisms. These organisms may be macrobiota 
such as animals or plants, or microbiota such as protozoa, fungi, algae, 
or bacteria. The problems encountered with a macrobiotic ecosystem 
for use away from Earth are centered around the need for extensive life 
support systems for these organisms to survive the journey to Mars, 

This system would lend itself more readily to testing in an orbiting lab- 
oratory or in the Planetary Receiving Laboratory. A microbiotic system 
can be maintained by a lower level of life support and, to illustrate the 
extreme, may survive in a lyophilized form. Therefore, an ecosystem 
containing microorganisms can be more readily sustained for long 
periods of space flight. In this report we have concentrated on developing 
a microbial ecosystem which can he transported to the vicinity of Mars to 
serve as a biohazard warning device. 

The organisms that will compose this microbial ecosystem can 
be selected either because they survive well under a particular set of 
environmental conditions or because they represent a key metabolic 
pathway which needs, to be investigated, in the first approach, the 
Martian organisms would be exposed to one set of test conditions 
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wMch. are as similar to the Martian environment as the constituent 
terrestrial organisms can tolerate and still function. These conditions 
would give any Martian organisms the best chance of multiplying and 
permit the maximum opportunity for expression of potentially destruct- 
ive capabilities. 

The second; approach addresses the specific processes to be 
studied in these ecosystems. It is important that the basic cellular 
functions and nutrient cycle reactions be challenged by a Martian 
organisms. This approach concerns the selection of representative 
organisms for studying these key processes. Tests under terrestrial 
-conditions would permit optimal baseline fxmctioning of the Earth 
organisms and thus make any adverse effect on the process studied 
easier to detect and quantify. Information on the inhibitory effects 
of the terrestrial environment may become apparent by comparison 
of this terrestrial system with the Mars -like system. 

The possibility of combining these two approaches will be con- 
sidered. In such an approach, the effect of the Mars organisms on 
one or more terrestrial vital processes, as exemplified by Earth 
organisms selected for hardiness at or near Mars conditions, would 
be studied. The final selection of ecosystem type and organisms will 
depend on extensive laboratory testing to ensure a sensitive and reliable 
indicator system, to determine its ability to withstand the prolonged 
journey to the point of use, and to be compatible with existing equipment 
limitations for life support and monitoring. 

In preparation for the selection of ecosystems consistent with 
each approach, a literature review has been conducted. For the first 
approach, the literature on laboratory stressed microorganisms and 
organisms in harsh terrestrial environments has been surveyed to 
select the most hardy candidates (Section II. B. 1. ). For the second, 
an analysis of basic cellular functions and the microbial participation 
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in nutrient cycles has been carried out to select candidate representa- 
tives of these vital processes (Section II, B. 2, ). 

1. Microbial Candidates for a Martian Ecosystem 

Under this concept, the organism(s) for the Martian eco- 
system will be selected on the' basis 'of their ability to' function in a Mars- 
like environment. Several sources of information are pertinent to this 
selection. First, various studies have exposed terrestrial microorganisms 
to Mars-like stresses. .Second, studies of harsh environmental extremes 
on Earth, namely Arctic tundras, desert biomes, and dry valleys of 
Antarctica will be -examined to .determine which terrestrial organisms 
can best function ■under harsh environmental conditions. 

a. Environmental Conditions on Mars 

Much of the current data about Mars was gained 
from the Mariner 9 mission. Atmospheric pressure at the surface was 
reported to vary from 2 . 8 millibars in the Cloritas and Tharsis areas to 
10. 3 millibars near the north polar. cap. The mean atmospheric surface 
pressure was 5. 2 - 1. 0 millibars with a seasonal variation of ^ 1.5 (13). 
The surface temperature ranged from -128°C to +27°C with a diurnal 
freeze-thaw cycle in some regions. The diurnal variation is believed to - 
range up to as much as 100 centigrade degrees (14). The absence of an 
ozone shield layer in the atmosphere indicates that the full ultraviolet 
radiation from the S'un reaches the surface of Mars- although there may 
be some shielding from dust particles. 

One of the key considerations for terrestrial growth is the 
amoimt of available liquid water. While the question of whether liquid 
water is present on Mars has not been absolutely resolved, indications 
are strong that little or none is available. • 

The atmospheric content of water vapor averages in the range of 
10-20 precipitable microns (13); but, seasonally, the thin atmosphere 
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may approach saturation. The prime source of the vapor is thought to 
■ be the polar caps which, although primarily • composed of solid cai'bon 
dioxide, contain appreciable water-ice (14), Subsurface juvenile water, 
permafrost and volcanic activity are other sources of water vapor. The 
problem with respect to life is that the temperature and pressure condi- 
tions on most, -if hot all, '.of'Mars«are such that water may never exist in 
the liquid phase. If so, it is possible the Martian organisms may have 
evolved to absorb water vapor and conserve condensed water internally 
for use in an aqueous biochemistry. Barring this assumption, hov/ever. 
Mars life- forms based on an aqueous biochemistry would be dependent 
on the availability of liquid water in their environment. Some mechanisms 
have been proposed by which liquid water may become available diurnally 
or for brief periods. First, some depressions on Mars are sufficiently 
deep to provide the atmospheric pressure necessary to support liquid 
, water within a narrow temperature range. Formation of nighttime 
condensate- retained by adsorption on steep sloping surfaces facing away 
from the s-un (15), transfer from the atmosphere by adsorption on settling 
dust (13) and the formation of liquid water under the pressurized condition 
of a "greenhouse effect" produced beneath ice surfaces (C. B. Farmer, 
personal communication) are other possible mechanisms. 

The Martian a-tmosphere consists almost entirely of 
although argon and trace amounts of CO, O^, and have been detected 
in addition to the water vapor. Of more serious consequence to life 
forms is that nitrogen is present in only trace quantities, if at all (14). 
Obviously, conditions on Mars are harsh by terrestrial standards. 

b. Laboratory Studies Under Mars-like Stresses 

Although natural conditions on Earth do not approach 
the severity of Mars, laboratory studies have iDeen conducted to determine 
the survival of organisms under "Mars-like" conditions. In the beginning 
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phase of research on survival in Mars-type environments, emphasis 

was placed on the development of Mars chambers. Although we'know 

that these earlier experiments did not truly -stimulate Martian' conditions, 

particularly with respect to' the availability of liquid water, they- have 

provided information (16) on the tolerance of organisms to a nximber of 

stresses that would.be experienced on Mars. 

In studies (17) imder reduced atmospheric pressure, cocci and 

actihomycetes have be.en found to be among the most resistant types, 

suggesting an ability to survive the atmospheric conditions to which a 

Martian form would be accustomed. In a more rigorous study (18), the 

organisms Bacillus mesentericus . B. mvcoides. B. me eater ium, 

B. s imple s , Actinomyces globisporus , Aspergillus - oryzae and A. terreus 

were found to have 100% survival rates after exposure to a vacuum of 
— 8 10 

10 to 10 mm Hg. Since a variety of microorganisms have been 
found to be resistant to reduced -atmospheric pressure, the Mars 
atmospheric pressure is not considered a limiting factor for the survival 
of terrestrial microorganisms. 

■ -One of the more limiting factors for life would be the ultraviolet 

radiation reaching the surface of Mars. Much work has been done on the 

effects of UV radiation .on bacterial cells generated by the interest in the 

enzymatic repair reactions (19), and in the use of ultraviolet radiation 

as a method of sterilization (20, 23). Various mechanisms, including 

shielding by dust, growth under particles, and evolved pigmentation, have 

been postulated as defense mechanisms that might protect an organism 

from the effect of UV linder Martian conditions. The cocci, Micrococcus 

radiodurans and Sarcina lute a , and the spores of Bacillus subtilis, have 

been found to be among the most resistant organisms with 700, 000, 1970 

2 

and 1000 ergs /cm required, respectively, to inhibit colony formation 
in 90% of the 'cells (22). However, among bacteria, resistance may 
differ even among strains of the same species. In the algae Chlorella , the 
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photo synthetic system was found (23) to regenerate 70% of capacity 
after .complete-suppression of activity by UV radiation. However, 
available data (ZO, 21, 22) indicate that exposure to the full effect of the 
ultraviolet radiation reaching the surface of Mars would be lethal to 
most terrestrial organisms. Hence, the amount of ultraviolet radiation 
will probably have to be reduced to an acceptable level, or sufficient 
shielding provided for the terrestrial organisms selected for the 


ecosystem. 

Another serious restriction is the required ability to survive 
repeated cycles of freezing and thawing. The problem is not so much 
being able to withstand a particirlar high or low temperature, but rather 
surviving the repeated cycling between extremes outside the normal range 
of growth temperatures. That most microorganisms will survive freez- 
ing is demonstrated by the well accepted preservation method of lyophiliza- 
tion. However, the process of freezing and thawing is quite detrimental 
to natural populations as noted in the reduced plate counts obtained from 
frozen samples compared to those from unfrozen controls (24,25). 

Survival under conditions of diurnal temperature cycles, usually in the 
range of -TO'^C to +25°C, have been studied in Mars chambers. Frequently 
test conditions include atmospheres high in N^, and low in CO^. Most 
included relatively large amounts of water by Mars standards. Scher, 

^_al. (26) found that obligate and facultative anaerobi.c spOre formers 

and some facultative anaerobic nonspore formers did survive, but did 

“9/2 

not grow, under .conditions which included 10 erg /cm ultraviolet 
radiation and CaSO to remove water. There are many reports (27, 28, 
29)‘of spore formers, notably ^ c-ereus and B. subtilus , surviving and 
growing xxnder diurnal freeze-thaw cycles when a sufficient amount of 
moisture (6-8%) was present. If the moisture level were reduced to 
4%, the spore would germinate; but the resulting cells would not be 
viable (30), Hawrylewicz, ot^. (31) also determined that one effect 
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of the freeze-thaw cycle was that growth of spores could occur at a soil 
moisture concentration which would normally limit growth of the cells 
at 35°C. This work was performed under terrestrial atmospheric 
conditions and in a nutrient medium. 

" In further work. Young, et al . (32,33) confirmed that spore 
formers have relatively little resistance to freeze-thaw cycles unless 
the thaw duration exceeds four and one -half to eight hours. A consistent, 
hut low, rate of killing permitted survival of aerogenes , but complete 
and rapid killing occurred in other genera, notably. Spirillum , Rhodo- 
ps eudomonas and' Pseudomonas (34, 35). Although most of the work has 
been on procaryotic organisms, the protozoan Calpoda maupasii has been 
extensively studied (36,37). Cyst stages were better able to survive 
freeze-thaw cycles than vegetative cells, even in cycles from 22-24 C 
to -196°C under conditions of slow cooling. In Colorado, some areas 
experience as many as 238 freeze-thaw cycles per year (38). In summary, 
research in this area has shown that some organisms can survive 
repeated freeze-thaw cycles if the thaw cycle is of sufficient length to 
permit cell multiplication. However, a moisture concentration far in 
excess of that on Mars was found to be necessary for growth of the 
.organisms tested. 

Other factors to be considered are the concentration of oxygen 
and the available nutrients. The trace amounts of atmospheric oxygen 
on Mars would not be limiting to all candidate terrestrial microorganisms 
since facultative -or obligate anaerobes, capable of growing- under anaerobic 
conditions, can be selected. The problem of available nutrients, however, 
is not readily resolved. At this time, little is known about the composition 
of Mars "soils,” and test situations involving heterotrophic organisms 
will^ therefore, probably require nutrient supplements. 

Consideration of the above studies points to the key probable 
inhibitory factors for terrestrial microorganisms in a Martian 
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environment. Hence, resistance to these stresses is a prime criterion 
in the choice of candidate terrestrial orgmi'sms for the test ecosystem. 
Many terrestrial microorganisms survive reduced atmospheric pressure, 
some- can survive variations in temperature, and forms exist which do not 
require oxygen. Terrestrial microorgcinisms probably cannot withstand 
exposure to Martian ultraviolet radiation although some forms are more 
tolerant than others. Cons_eq-uently,- the level of. .ultraviolet irradiation in 
the test ecosystem should be -reduced, or shielding should be provided. 

Mars moisture levels appear to be the most severely limiting condition 
for terrestrial microorganisms. Some experiments have demonstrated 
an interaction between moisture and temperature cycles with regard to 
their effect on microorganisms . A balance between the level of moisture 
and the temperature cycle will have to be established to permit survival 
and metabolism of candidate terrestrial microorganisms. 

c. Organisms Inhabiting Harsh Terrestrial En-yironments 

Although no area on Earth is subjected to all the 
extremes of the Mars environment, ‘there are some terrestrial environ- 
ments in which one or more environmental parameters is extreme. 
Information is available about the abilities of microorganisms to survive 
in areas of low temperature (Arctic tundras, dry Antarctic valleys) and 
extreme dryness (deserts, dry Antarctic valleys) particularly through 
research programs performed in conj-unction with the International 
Biological Program (IBP) from 1968 to 1973. Examination of these 
en-vironments in the following sections will assist in the selection of 
organisms best adapted to such harsh conditions. ■ 

(1) Arctic Tundras 

Arctic tundras exemplify the effects of extreme 
cold temperatures. Tundras generally have short growing seasons, and 
are wet and cold with soils deficient in minerals. Much of the United States 
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research (39) has concentrated on the Barrow, Alaska coastal ttindra, 
an area underlain by perennially frozen soil ranging from 20-40 cm to 
over 300 m deep (40). Clarholm, _et (41) have found bacteria in 
all the tundra soil samples examined. Pseudomonas has been identified 
as the main form in wet tundra sites and Bacillus as the main form in 
dry areas. Parinkina (42) noted that fhe bacterial numbers fluctuated 
markedly among samples taken over a few days' time. As would be 
expected, greater numbers of organisms were found in areas supporting 
vegetation than in mineral soils (43). 

Much of the emphasis in the IBP tundra program has been on 
the nitrogen cycle since area soils are particularly poor in nitrates, 
but are not carbon limited (44). The principal inorganic form of 
nitrogen is ammonia resulting from fixation (45). In wet tundra 
areas, the blue-green algae, Nostoc and Anabaena , are responsible 
for- most of the nitrogen fixed (46). In the dry tundras, few algae or 
leguminous plants are found, and lichens, such as Nephroma or 
Peltigera are the primary agents of nitrogen fixation (47, 48). The 
bacterial contribution to the nitrogen fixation budget is not as signifi- 
cant as that of lichens or algae (49). 

The main agents of photosynthesis in both wet and dry tundras 
are lichens and plants. All of the plant species tested demonstrated 
positive photosynthesis at temperatures as low as 0-5 C (50). In addi- 
tion, blue-green algae photo synthesize in the wet tundras but do not 
predominate in dry areas although some algae, notably Chlamydononas 
nivalis , form blooms on hard frozen surfaces (51). Lichens found in 
both wet and dry areas are predominantly Nephroma , Peltigera and 
CoHema (46). Thus, lichens are the main inicrobial agents of primary 
productivity in extremely cold, dry areas. 

The environment in arctic tundras is so extreme that many of 
the species have adapted to these areas. For instance, greater concentra- 
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tions of mobile elements, such as potassium and phosphorus, have been 
foTond in tundra species than in comparative temperate forms (52). 

In summary, research in tundra areas indicateis that lichens, which 
are organisms adapted to cold, dry tundra regions, should be considered 
for the Mars-like ecosystem. Furthermore, since these organisms are 
capable of both photosynthesis and nitrogen-fixation, they may be candidates 
for ecosystems combining both Mars -like conditions and emphasizing vital 
processes. 

(2) Deserts 

In deserts, the effects of moisture, which is a 
limiting factor for most microbial growth therein, can be studied to 
assist in the selection of microorganisms which may tolerate the extreme 
aridity of the Martian environment. In addition, deserts are generally 
subjected to extremely high temperatures during the day followed by cold 
nights. Biologically available water is usually scarce in temperate or 
tropical deserts, and then suddenly comes in deluges or in unavailable 
forrns, such as snow or ice in colder climates. Furthermore, since 
only 10% of the solar radiation may be deflected, compared to 60% 
deflection in more humid -regions (53), organisms in these areas are 
exp)osed to higher amounts of ultraviolet radiation. 

These varied conditions are reflected in the widely differing 

bacterial counts that have been reported in deserts. Ninnbers of bacteria 

vary from as few as 10 cells /g by the plate count method, to as many as 
7 

6. 3 to 8,4 X 10 cells/g by the direct counting method (17). Numbers of 
bacteria in arid or semi- arid soils receiving 25 to 35 cm of annual 
precipitation have been found to approach 1. 0 x 10 cells/g soil (54) 
by the plate count method. These variations may primarily reflect the 
differences in the available water. Even in naturally moist soils, the 
addition of water increases biological respiration (55). Botlr hetero- 
trophic and chemoautotrophic types of bacteria were isolated with 
sulfur metabolizers in the majority (56). 
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- Unlike the txmdra areas, which are nitrogen limited, deserts 
are carbon limited. Plants are specifically adapted to hot, dry climates. 
During drought conditions, the metabolism of these plants slows, as 
evidenced by a reduction in cai'bon dioxide exchange (44). Algae and 
lichens are present as hard crusts or concentrated under translucent 
oz' transparent materials (56). Such materials probably enhance growth 
by permitting light transxnission..^d providing moisture through condensa- 
tion on their undersides by means of the greenhouse effect (the mechanism 
advanced by Farmer for Mars). Cameron and Blank- (56) have extensively 
studied these forms and list 16 common species among which are Anacystis 

marina , Nostoc muscorum . and Chlorella vulgaris . Nitrogen is fixed 

2 

rapidly in the deserts (44) with rates of 10-20 g/m per year noted. 

These rates were attributed to fixation by blue-green algae in the soil 
crusts. Thus, because these algae and lichens have survived under condi- 
tions of extreme aridity, as typified by desert climates, they should be 
considered as possible candidates for the Mars-like ecosystem. 

(3) Pry Valleys of Antarctica 

The dry valleys of Antai'ctica encompass extremes 
of both cold and dryness (57).- Because both conditions are present, these 
areas are considered to be the most harsh terrestrial environments and 
the most similar to Mars. The valleys are ice -free, but the mean 
annual temperature is -20°C to -25°C. Diurnal freeze-thaw cycles can 
occur with the surface of the ground reaching 15°C, or so, for short 
periods. The water vapor content is an order of magnitude less than that 
in more temperate areas and the soil is both saline and alkaline. 

Generally, it is the lack of moisture that is the limiting factor in these 
regions. The loose water content (that driven off by heating at 110°C 
for 24 hours in vacuo) ranges from 3. 6 to 18. 1 mg/g soil. This- is 
several orders of magnitude lower than the s-un baked temperate 
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zone soils (57), Upon tlie addition of moisture to these soils, the bacterial 
population may increase from three to six orders of magnitude (58). 

Only heterotrophic organisms, bacteria and fungi, have been 
identified in these areas of extreme cold and aridity.' Generally, the 
bacteria are aerobic, heterotrophic, mesophilic nonsporulating rods 
or cocci. The lack of prevalence of sporeformers is noteworthy (58), 
Coryneforms and arthrobacters were the most prevalent types, but 
Bacillus , Brevibacterium -an d Micrococcus sp . have also been found. 
Neither Ps eudomonas nor Cytophaga species were detected (59), 
Enrichments for chemo autotrophic organisms such as~ Thiobacillus 
and Nitrosomonas have yielded several isolates, but these have not 
yet been identified (60). At least ten genera of filamentous fungi have 
been found with the majority of species belonging to the genera 
Cladosporium and Penicillium . The yeasts, Tilletiopsis and 
Spo3)obolmyces , have been identified (60) as well. 

Other microbial species., both blue-green and coccoid algae, 
yeasts, molds and protozoa have been fo-und in areas of higher moisture, 
and in lakes, in Antarctica. Although common m other areas of 
Antarctica, lichens have not been reported -in the dry valleys (58). 

Thes e findings suggest that heterotrophic organisms, pi-imarily 
bacteria, may best be able to survive "under extreme multiple stresses. 

The predominant "types, coryneforms and arthrobacters, should be con- 
sidered candidate hardy organisms. 

d. Candidate Organisms Based on 
Survival Under Harsh Conditions 

Data from the laboratory studies and ecological 
surveys have been summarized in Table 1. For each stress, organisms 
are listed alphabetically within broad taxonomic groups; bacteria, 
blue-green algae, eucaryotic algae, lichens, molds and yeasts. 

Information on the response of some microorganisms to a particular 
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Table 1 

Siimmary of the Data Indicating the Ability of Varions 
Groups of Microorganisms to Survive Harsh Environmental Conditions 
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Table 1 

( continued) 


Martian Conditions 


Organisms 
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stress- is not available since not all strains have been laboratory tested 
for all parameters. Further, ecological studies frequently emphasized 
the group responsible for- a particular process but did not identify individual 
genera or species, for example, the nitrogen-fixing blue-green algae. 

These data demonstrate, that, while the response to some stresses, 
such as the trace amoxmts of oxygen, is characteristic of a taxonomic 
group, response to others, such as ultraviolet radiation, cannot be 
categorized and may differ significantly among strains of the same 
species. 

Let us first consider those stresses which will completely elimi- 
nate some groups from further consideration as candidates for survival 
\mder Mars -like conditions. The trace amounts of oxygen in the Martian 
atmosphere indicate that organisms with an absolute requirement for 
oxygen, ■ the- obligately aerobic heterotrophic and autotrophic bacteria, 
and the molds, will probably not survive- exposure to Mars -like atmos- 
pheric conditions unless oxygen depletion mechanisms or anaerobic 
microenvironments operate with the test system.' The latter do, of 
course, operate on Earth, but such a system would be difficult to . 
establish in a small test enclosure. However, the facultatively and 
obligately anaerobic bacteria, the blue- green algae, eucaryotic algae 
and yeasts can grow in the absence of oxygen. Whether the f-ungal 
component of a lichen can survive on the oxygen produced by the 
partner algae needs to be demonstrated. 

Another restrictive condition is the potential scarcity of nutrients 
which suggests that autotrophic organisms would survive better than 
heterotrophs. All heterotrophic organisms will require some small 
addition of nutrients. Even -the photo autotrophic microorganisms may 
require an addition in the form of vitamins, nitrogen or a reducing 
source which may be water, sulfur or an organic reductant while the 
chemo autotrophs would require hydrogen, nitrate, or, possibly, sulfur. 
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Therefore, supplementary compounds may be required for any terrestrial 
microorganisms. The final determination of a nutrient addition would 
depend upon soil composition information from the current Viking series 
and the requirements of the test organisms chosen. On the basis of this 
criterion, minimal available nutrients, all the fastidious organisms 
should be eliminated from .consideration. Organisms known to survive 
in areas of minimal nutrients, such as tundras and deserts, would be 
good candidates, as are autotrophic microorganisms. 

An interrelationship between moisture and temperature cycling 
has been noted. An increase in the moisture level increases the survival 
of some strains. Whether the additional water functions as a protective 
mechanism against temperature changes, or simply decreases stress, is 
not known. The environmental studies have provided candidates that can 
survive low temperatures and low moisture concentrations.- 

In considering the bacteria found in these categories, tlie elimina- 
tion of those with a strong requirement for oxygen leaves the genera: 
Actinomyc es , Co rynebacterium , and Clostridium . In laboratory study, 
the Clostridium species have required high moisture levels to sur- 
vive temperature cycling, and should not be considered further 
unless an 8% moisture level is found to be a requirement for the 
other strains as well. Since Actinomyces and Co rynebacterium 
are Icno-wn to survive low temperatures, low. moisture levels, low 
nutrient concentrations, and do not require oxygen, they are good 
bacterial candidates. 

A variety of photo synthetic organisms has been found in desert 
and Arctic emdronments and species are listed in Table 1. The ability 
of these organisms to gi’ow without an organic carbon source, their 
growth under conditions of low temperature and low moisture make them 
good candidates. - Of these organisms, the blue-green algae, Nostoc 
and the green algae, Clilorella , are extensively used in laboratory studies. 
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However, these organisms do present several problems.. First, oxygen 
is produced as a result of their photo synthetic activities and may build 
to toxic levels. Secondly, they require water because their photo- 
synthetic systems depend on photolysis of water. Photos 3 mthetic 
bacteria may offer advantages -because they neither need nor produce 
oxygen; and .they substitute compounds, such as sulfur or organic 
reductants, for water in the photo synthetic process. Methods for 
removing or reducing the evolved oxygen should be investigated to 
determine whether algae should be candidates. 

Fungi, as a general group, have been eliminated because of 
their oxygen requirements. However, fungal utilization of oxygen may 
be one method of removing the oxygen produced by the algal lichen 
component. Lichens have the reputation of hardiness and tolerance to 
cold, aridity and low nutrient conditions, demonstrated by their survival 
in tundras and deserts. Certainly Nephroma or Peltigera are hardy 
candidates. Severed species of yeast were also found in the dry 
Antarctic valleys, demonstrating their ability to withstand cold, aridity 
and low nutrient levels. 

However, a more definitive choice of organisms depends on 
several factors. One is the ability to survive under multiple stresses. 
Another is that the organism must not only survive under these condi- 
tions, but must also actively metabolize if an effect is to be detected. 

All of these organisms listed have survived in harsh environments. 
However, these stresses may be relieved periodically by environmental 
changes or anomalies, and it has been suggested that it is under these 
circumstances that the majority of the growth occurs. For example, 
the algae found in deserts are frequently under objects which will 
permit moisture accumulation (56). Snow algae, such as Raphidonema , 
survive where liquid water would seem to be biologically unavailable. 
However, the cells find moisture in "meltwaters" located below the 
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surface (51). Licliens survive in conditions of great aridity, tlie deserts. 
However, studies (62) have shown that lichens in California deserts grow 
on moisture provided by marine fogs. Furthermore, it has been suggested 
that lichens grow only under high moisture conditions (63) and that they 
are not found in the dry valleys of Antarctica because of the unmitigated 
low moisture levels (58). Consequently, the ability of all of these candi- 
date organisms to metabolize under low moisture conditions needs to be 
evaluated. Also, the strains most resistant to ultraviolet irradiation 
and reduced atmospheric pressure need to be determined. These are 
areas where laboratory studies are required. 

2, Candidates Representative of Vital Processes 

An alternative approach to selecting the microbial eco- 
system is to choose organisms highly representative of basic life pro- 
cesses to be challenged by the Martian life form. Greater assurance of 
the continued survival of terrestrial life is gained from survival of 
the test system if it represents vital processes common to all levels 
of Earth life. These basic processes are of two types. One operates 
at the cellular level and consists of metabolic reactions embodied, for 
example, in the amino acid and carbohydrate pathways. The other 
type operates at the environmental level and consists of ecological 
nutrient cycles, such as the carbon cycle and the nitrogen cycle. 

Life on Earth uses carbon as a molecular backbone, while 
energy is stored in certain phosphate and sulfate bonds. The continued 
ability of a terrestrial microorganisms to utilize a carbon containing 
compound in the presence of a Martian life form could demonstrate, 
among "other things, that cell permeability, transport mechanisms, 
meatbolic pathways, energy systems, DNA transcription, the 
molecular mechanisms of enzyme substrate reactions and the necessary 
trace elements are not destroyed or inhibited. In an extended experiment, 
information concerning duplication of genetic material and cell growth 
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and division become available. Thus, from the continued survival and 
■metabolism of a single-celled organisms, assurance could be gained 
that the basic cellular metabolic and genetic functions are not inhibited 
by a Martian life form. 

At the environmental level, microorganisms are responsible for 
the cyclic transformations -which provide elements and compounds, such 
as oxygen and nitrate, ,for cellular metabolism. Some of the reactions in 
these cycles involving organic carbon compounds, s-ulfate, and phosphate 
are common to the majority of organisms and are studied as part of 
the basic cellxilar metabolism. Other reactions such as the ability to 
fix nitrogen, ■ are restricted to certain organisms and specific representa- 
tives may need to be considered. Therefore, both cellular metabolic 
processes and ecological cycles ■will be considered to determine which 
organisms can be used to study the continued functions' of key vital 
•processes in a model ecosystem. 

a. Cellular Functions 

Generally, metabolic processes, are divided into 
catabolic, or degradative, pathways and anabolic, or synthetic pathways. 
These two t-ypes of pathways join in the following three areas: 

(1) Carbon Sources 

The metabolism of most foods will eventually 
yield a small group of product molecules. These are triose phosphates 
and pyruvate for carbohydrates; acetyl CoA, propionyl Co A, and 
glycerol for fatty acids; and acetyl CoA, oxaloacetate, cC -ketoglutarate, 
f-umarate and succinate for proteins. In -fche. Tricarboxylic Acid Cycle 
(Figure 1) these catabolic products are converted to the intermediates 

used in anabolic pathways for the synthesis of amino acids, purines, 
pyrimidines and long-chain fatty acids. 
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The Interaction of the Tricarboxylic Acid Cycle in the 
Conversion of Nutrients to Carbon Dioxide, Water, and Energy (64) 
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(2) Energy Generation 

The catabolic processes produce energy in the 
form of ATP -which is utilized in the anabolic s-yuthetic reactions. 

(3) Red-Ox Reactions 

The reductants generated during catabolism, 
generally NADH^, provide a source of reducing power for the anabolic 
processes. It is through the interaction of the Tricarboxylic Acid 
Cycle and the Electron Transport System that carbon compounds are 
completely combusted to carbon dioxide and water with the concomitent 
release of energy in the form of ATP and the production of reducing 
power in the form of NADH^ (65). 

Thuse three areas are interrelated through the Tricarboxylic 

Acid Cycle and the Electron Transport System. Therefore, the continued 

functioning of reactions necessary for maintenance and growth in aerobic 

organisms can be evaluated by metabolism of carbon compounds through 

14 

those pathways. An additional advantage is that most of the C -labeled 
compounds currently being utilized in the '.'labeled release" life detection 
experiment aboard the Viking Mars lander (’66) can be metabolized by 
these pathways. The choice of organisms in which to study these processes 
is not restricted to obligate aerobes, since facultative anaerobes will 
preferentially use the Tricarboxylic Acid Cycle and the Electron Trans- 
port System under aerobic conditions because of 'the- greater energy yield 
(67). Therefore, there are many organisms which are capable of aerobic 
heterotrophic gro-wth from which candidates can be chosen (68). 

b. Ecological Nutrient Cycles 

The effects of Martian life on ecological processes 
may best be studied in terms of the elements or compo-unds necessary 
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for life namely, carbon, oxygen, water, nitrogen, phosphorus and 
sulfur. These are readily recognized as participants in the following 
Cycles of matter (Figure 2): 

( 1) Carbon Cycle 

The carbon cycle can be considered in terms 
of the fixation of carbon dioxide into organic matter through the process 
of photosynthesis and its subsequent return to the atmosphere through 
the metabolism and respiration of microorganisms, plants, animals and 
humans. The process of organic carbon metabolism and the evolution 
of through respiration are general cellular functions and were 
considered in the previous section. Photosynthesis, the process whereby 
carbon dioxide is fixed into organic compounds, can be studied in certain 
organisms only. 

The main photo synthetic agents on land are the seed plants with 
the algae being minor contributors. In the oceans, however, free- 
floating marine algae are most productive with the larger algae, the 
seaweeds, being restricted to a narrow coastal zone. Estimates of 
relative photo synthetic activity {70, 71) suggest that the marine environ- 
ment is the site of from 40 to 80% of the total primary productivity. 

Although marine algae are the main agents of photosynthesis, they 
require a saline environment which might be detrimental to the Mars 
organisms and, at this time, are not considered candidate organisms for 
this reason. The conditions chosen to study these vital processes should 
not be such that the Martian organism would be subjected to the extremes 
of terrestrial environment. The emphasis should be on the effect of 
the Martian organism on the vital terrestrial biological processes and 
not on the effect of terrestrial conditions on the Martian oi*ganism. The 
saline problem with marine algae caia be circumvented by using blue- 
green algae which are widely distributed in nature and occur not 
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Influence of Microorganisms in the Four Major Nutrient Cycles (69) 
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only in salt and fresh waters, but also in soils. Furthex*mor e, green 
algae and blue-green algae have basically the same photo synthetic systems. 

The bacterial photo synthetic system, however, differs in several 
respects from the algal and plant systems. The absence in bacteria of 
the Type II reaction center, where pjhotoly sis of water occurs, necessi- 
tates use of an exogenous reductant such as H^S or an organic compound. 
This means that oxygen is not produced. Moreover, bacterial photo- 
synthesis is an anaerobic process, carried out by a select group of 
organisms, the Rhodes pir ill ace ae, the Chromatiaceae, and the 
Chlorobiaceae. Much information (72) is available about bacterial 
photosynthesis and its general processes are basically similar. 

Certainly bacterial representatives of photosynthesis should be con- 
sidered, It is suggested that blue-green algae should also be included 
because they carry out an oxygen productive type of photosynthesis, 
are ubiquitous in nature, and have been well studied in laboratory and 
field experiments. 

(2) Nitrogen Cycle 

Most of the Earth's nitrogen occurs occluded in 
primary roclcs as dinitrogen (73), or as the inert gas, in the atmos- 

phere. The cyclic transformation of nitrogenous compounds is of great 
importance because while all organisms require nitrogen, not all of 
them can fix atmospheric nitrogen. The majority of organisms require 
nitrogen in a combined form such as ammonia, nitrate, nitrite, or 
incorporated into organic compounds such as amino acids. 

Simplistic ally, the nitrogen cycle consists of the following steps. 
The fixation of atmospheric nitrogen into a reduced form is carried out 
by leguminous plants and select free-living procaryotic microorganisms. 
Decomposition'of the organic matter and subsequent release of nitrogen 
as ammonia, or ammonification, is microbial in nature. The ammonia 
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produced can be utilized by a wide variety of plants and microorganisms 
for growth, or it may be modified to nitrite and nitrate in the process of 
nitrification. The primary agents in this process are the chemolitho- 
trophs such as N itr o s omon a s and Nitrobacter , Nitrate can then- be used 
by plants and microorganisms for growth or may serve as the terminal 
electron acceptor in the process of bacterial denitrification, Tne enzymes 
required for denitrification are widespread among microorganisms 
appearing in such diverse genera as Neurospora , Proteus , Hemophilus , 
Rhizobium , Achi-omobacter, Spirillum and Corynebacterium . Abiologic 
transformations, both natural, such as ozonation and lightning -fixation, 
and industrial, such as the Haber process, also contribute to the nitrogen 
cycle. 

To some degree, the process of ammonification and denitrifica- 
tion can be studied as part of normal cell metabolism since. these 
abilities are widespread in the microbial world. Nitrification is a far 
more restricted, but less necessary, process than nitrogen fixation. 

In studies (11) where specific inhibition of ammohia oxidation has 
occurred for three months, it was concluded that soil nitrification 
can be circumvented without penalty, although physical differences 
in the resulting plants were apparent when compared to controls. 

This is not meant to underestimate the importance of nitrification 
since a large portion of the nitrogen added to soils, either as fertilizer 
or through microbial transformations, is eventually oxidized to nitrate 
(74). The suggestion, rather, is that nitrogen fixation is ultimately 
the more important process although some substitution in the form of 
industrial and geologic fixation is possible. 

The agents of nitrogen fixation are 'either bacteria or blue-green 
algae (75). Generally when nitrogen fixation by other organisms is 
reported, further investigation (76). reveals the presence of nitrogen 
fixing bacteria in the gut. Biologic nitrogen fixation may be symbiotic 
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or nonsymbiotic. Symbiotic nitrogen fixation results from a mutualistic 
relationship between a leguminous plant and a bacterium of the genus 
Rhizobium . Although it was thought that these bacteria could not fix 
nitrogen when separated from the plant, preliminary evidence (77) 
indicates that at least one strain of Rhizobium . can fix nitrogen on 
certain laboratory media. 

The most important agents of nonsymbiotic nitrogen fixation 
are the heterocystic blue -green algae, Anabaena and Nostoc , and the 
bacteria, Azotobacter and Beijerinckia (70). This ability is widespread 
among the blue-green algae, occuring in Aphanizomenon , Calothrix, and 
T richo d e smium (78), and the bacteria, being reported in the genera 
Bacillus , Clo stridium , D esulf ovibrio (79), Klebsiella (80), Rho do s pir ilium , 
Chromatium , and Pseudomonas (11). There have also been reports (81) 
of genetic transfers of nitrogen-fixing ability to organisms such as 
E; ■ coli. Thus, there are a wide variety of species from which to choose 
a representative of nitrogen-fixation. 

(3) Sulfur Cycle 

Sulfur is widely distributed in nature occurring 
as iron pyrites, galena, sphalerite, cinnabar, stibnite, gypsum and 
epsom salts as well as other forms (82). It is incorporated into 
cellular metabolism primarily in the form of sulfate by microorganisms 
and plants, and the resulting reduced sulfur compounds, such -as sulfur- 
containing amino acids, can be further metabolized by microorganisms, 
plants and animals. The decomposition of this material to can be 
carried out by many groups of microorganisms such as Desulfovibrio . 

The oxidation of H^S to elemental sulfur and thence to sulfate may be 
bacterial or spontaneous (70). Members of the photo synthetic families, 
Chromatiaceae and Chlorobiaceae, oxidize H^S to elemental sulfur, 
while the family Beggiatoaceae and the genus Thiobacillus oxidize sulfur 
to sulfate. 
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The sulfur cycle is further complicated hy chemicals such as 
dimethyl sulfide, whose role in balancing this cycle is not completely 
'understood (83). Natural forces, such as volcanic activity, also 
contribute to this cycle (84). Man's activities in the form of 
increased industrial production of reduced sulfur compounds have an 
effect on the sulfur balance (85). Severe environmental problems, such 
as the formation of acid mine water, can result when the sulfur cycle is 
altered. However, since the reduced sulfur formed as a result of. 
metabolic processes or industrial pollution Cein be spontaneously 
oxidized to provide more sulfate, the cycle is not absolutely dependent 
on microbial inter conversions as is the nitrogen cycle. Since the inter- 
conversions of sulfate are part of the normal cellular metabolic 
processes, no special organisms need to be considered. 

(4) Phosphorus Cycle 

• Phosphorus is found in nature mainly in the form 
of phosphate, predominantly as orthophosphate, organic phosphate esters 
or the mineral apatite (86). Generally, the main agents of cyclic transfer 
in the phosphorus cycle are physical processes such as precipitation and 
solubilization. Precipitation removes phosphate by forming insoluble 
calcium and iron salts.. Phosphate is added to the system by solubiliza- 
tion of these salts from rocks. Microorganisms may participate in this 
"cycle" in several ways, but they are not the main agents. For example, 
while they may use the available phosphorus in an area, they cannot 
r eplenish the supply to any great extent. In some instances, micro- 
organisms may resolubilize precipitated phosphorus by acid production. 
They may also decompose phosphorus compounds tlirough the action of 
extracellular enzymes such as deoxyribonucleases, ATP ases and 
phosphatases (11). However, physical processes ai'e mainly responsible 
for the available phosphate supply. Therefore, although phosphorus 
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may be a limiting nutrient in tbe environment, its availability in a 
metabolically usable form, inorganic orthophosphate, is generally not 
'dependent on microbial interactions (86, 87). Since biological inter- 
conversions of phosphate can be studied as part of the normal cellular 
metabolism, no special organisms -need to be selected, 

c. Candidate Organisms Based on Vital Processes 

These considerations of microorganisms as indicators 
of the continued functioning of’ vital processes have emphasized three 
areas. One is the general metabolism of carbon compounds to carbon 
dioxide and water with the concomitent generation of energy through the 
Tricarboxylic Acid Cycle and the Electron Transport System. Second 
is the process of photosynthesis which provides for the continued prod- 
uction of oxygen and organic matter through the fixation of carbon 
dioxide into cellular material. Third is the process of nitrogen fixa- 
tion in which the inert gas, N^, is transformed to ammonia, a biologically 
usable form. 

Representative microorganisms capable of carrying out each 
process have been listed in Table 2. To avoid excessive length, the 
genera are not listed separately if the particular process is character- 
istic of an order or a familyi For example, the genus Ps eudomonas 
appears under Process 1 as the family Pseudomonadaceae because all 
the members are capable of respiratory metabolism but as the genus 
Ps eudomonas under Process 3 since not all genera in the family have 
been reported to be capable of fixing nitrogen. 

Members of several genera are good subjects for studying more 
than one of these processes. The blue-green algae (Cyanophyta) are good 
examples because they are nitrogen- fixing, photo synthetic organisms. - 
They are also capable of heterotrophic growth in the presence of air, 
although the mechanism differs from the Tricarboxylic Acid Cycle and 
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Table 2 

-Representative Microorganisms E^diibiting 
Selected Vital Processes 

Process Organisms 

Actlnomyc e s (Some Species) 
Artbrobacter 
Az oto b act e r i ac e ae 
Bacillaceae 
Corynebacterium 
Enterobacteriaceae 
Micrococcaceae 
Myxobacterales 
Neisseriaceae 
Ps eudomonadaceae 
Rhizobiaceae 
Vibrionaceae 

2. Pbotosyntbesis Chlorophyta 

Chrysophyta 

Pyrrophyta 

Cyanopliyta 

Chlorobiaceae 

Chromat-iaceae 

Rhodo spir iliac e ae 

3. Nitrogen Fixation Cyanophyta 

. A chr omo b act e r 
Aerobacter 
Azotobacter 
Bacillus 
Beijerinckia 
Chlorobium 
C lir omatium 
Clostridium 
D e sulfo vibrio 
Klebsiella 
Methanobacter 
Pseudomonas 
Rhizobium 
Rhodops eudomonas 
Rho do s pir ilium 


1. Metabolism Via Tricarboxylic 
Acid Cycle and Electron Trans- 
port System 
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Electron Transport Systems. All the photo synthetic bacteria can fix 
nitrogen. Most of these bacteria are obligate anaerobes, but even those 
that can grow in the presence of .air ( Rho do spir ilium ) do so only in the 
dark and demonstrate slow growth rates. Many of the nonphoto S'jaithetic 
nitrogen-fixing bacteria do metabolize by these pathways, namely, 
Achromobacter, Aerobacter , Azotobacter , Bacillus , B ^ 
and Pseudomonas . Although each process can be studied in any of the 
organisms listed in Table 2 as having that ability, those in which more 
than one process can be studied will be emphasized. A more definitive 
choice depends upon the ecosystem(s) in which these processes are to 

be studied. 

Other considerations are involved in the final choice of the candi- 
dates. The selection must result in a system/organism that can survive 
the trip to its point of'use either in a resting stage, in a cryptobiotic 
■form, lyophilized, frozen, or in a dynamic situation. Table 3 lists 
those organisms which are known to form resting stages or undergo 
crytobiosis, permitting their surval under adverse conditions (88, 89, 90). 
It should be noted that this includes many of the organisms under consider 

tion. 

C. Choice of Candidate Ecosystems 

In summary, the model ecosystem(s) to be used as a Basic 
Warning System will consist of at least twO parts (Table 4). In one, the 
conditions will be maximized for the survival of Martian organisms, thus 
providing the best chance? for them to multiply and demonstrate an effect 
on the metabolism of a terrestrial organism. In the other, terrestrial 
conditions suitable for studying the selected vital terrestrial processes 
will be maintained. However, to the extent the terrestrial organisms 
will permit, the Martian organism will not be exposed to conditions 
extreme to the Mars environment. For example, a saline environment 
will be avoided, if possible, because of the presumed absence of large 
amoimts of water and salt on Mars, 
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Table 3 

Survival Stages of Various Organisms 


Organism 

Survival Stag 

Actinomy c et al es 

Spore 

Azotobacter 

Cyst 

Bacillaceae 

Spore 

Cyanopbyta 

Alcinete 

Rho domi c r o bium 

Spor e 

Snoroc-vtopbaga ■ 

Microcyst 

Rotifera 

Cryptobio sis 

T ardigrada 

Crypto bio sis 

Amoeba 

Cyst 
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Table 4 

Candidate Ecosystems 


A. Martian Conditions System: The metabolism of a hardy terrestrial 
organism will be challenged by the Mars sample under Mars -like 
conditions . 

B, Vital Process System: Representatives of vital processes will be 
challenged by the Mars sample in one of the following arrangements: 


Single 1. Nitrogen-fixing blue-green alga in which metabolism is 
alternated between photosynthesis and heterotrophy by 
environmental control. 

2. Lichen in which algal photosynthesis provides oxygen for 
fungal metabolism which produces carbon dioxide for the 
alga. Alga must fix nitrogen. 


3. Algal- Bacterial Association whereby’ algal photosynthesis 

provides oxygen for bacterial heterotrophy which produces 
carbon dioxide for the alga. One member should fix 
nitrogen. 

Dual 4. Alga and Nitrogen-Fixing Aerobic Bacterium . Photo- 
synthesis is tested in the alga. Tricarboxylic Acid 
metabolism, respiration and nitrogen- fixation are 
tested in a nitrogen -fixing aerobic heterotrophic 
bacterium (bacterium common to Processes 1 and 
3, Table 2). 


5. Bacterium (Process 1, Table 2) and Nitrogen-Fixing 
Blue -Green Alga . Tricarboxylic Acid metabolism and 
respiration are tested in bacterium selected from list 
of aerobic heterotrophs in Table 2. Photosynthesis 
and nitrogen -fixation tested in blue-green alga. 
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These t\vo approaches have several advantages when used in 
conjunction. As discussed previously, the Martian conditions give the 
Martian organism the best opportunity to multiply and demonstrate any 
adverse effects, while the terrestrial conditions permit observations 
of these effects on key processes. -Additionally, comparison of these 
two conditions may provide information on the inhibitory effects of the 
terrestrial environment. Finally, these approaches expose the Martian 
organisms to several types of environment ail condition's, several terres- 
trial organisms and several different vital processes. 

Possible terrestrial candidates for the first approach, the 
Martian ecosystem, have been listed in Table 1. Those organisms 
which will be studied first, as a result of the discussion in Section II. B. 
2,d. , are the green algae Chlorella , the blue-green algae Nostoc , 
the photo synthetic bacterium Rhodospir ilium, the heterotrophic 
bacterial genera, Actinomyces , and Corynebacterlum , and the 
lichen Nephroma . Of these organisms, those able to metabolize 
under the most extreme conditions need to be determined in the 
laboratory. Particularly, the minimal levels of moisture at which 
these org^isms can metabolize needs to be established. It is possi- 
ble that one of the vital processes may be studied in the Martian test 
system (see below). 

In the second approach, we are looking for one or more eco- 
systems in which the vital processes of aerobic heterotrophic -respiration, 
photosynthesis and nitrogen-fixation can be tested. Once the best system 
or combination of systems has been determined, specific organisms can 

be selected from those listed in Table 2. Obviously, if several processes 

\ 

can be tested in one organism, the number’ of test systems can be reduced. 

Generally, photo synthetic organisms do not possess the entire 
Tricarboxylic Acid Cycle and do not respire by means of the Tricarboxylic 
Acid Cycle and the Electron Transport System. Although photorespiration 
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has been observed (64), it occurs at a low rate and does not truly repre- 
sent aerobic respiration. Five types of simple terrestrial systems that 
permit observation of the three processes are listed in Table 4. 

The first system consists of a nitrogen-fixing blue-green alga in 
which metabolism is alternated between photosynthesis and heterotrophic 
metabolism by environmental control. Although algal metabolism has 
been cycled in theTaboratory, it is suggested that this system not be 
chosen because a one- component system minimizes exposure of 
terrestriaJ. organisms to the Martian organism. Further, if all three 
processes are to function, the environment must cycle between two 
sets of conditions. It is well Icnown that multiple stresses are synergistic 
in effect, and this system would subject the. Martian organism to unneces- 
sary stresses. It is important that the growth of this organism not be 
inhibited. Moreover, this is a complex system in that the terrestrial 
organism must switch back and forth between two opposing types of 
metabolism and stabilize at the same measurable level each time if we 
are to be able to determine that a variance in metabolism was caused by 
the Martian organism. Finally, although these organisms are growing 
heterotrophically in the air, functioning of the entire Tricarboxylic Acid 
Cycle and Electron Transport System cannot be observed in these 
organisms. For these reasons, it is suggested that this system not be 
considered any further. 

The second system consists of a lichen in which algal photO'> 
synthesis provides oxygen for fungal metabolism which, in turn, 
prodtices carbon dioxide for the alga. The alga provides nitrates for 
the fungus and itself by fixing molecular nitrogen into ammonia and 
oxidizing it to nitrates. However, before lichens can be utilized, 
several problems must be overcome. First, lichens characteristically 
metabolize at a slow rate. This may malce monitoring difficult and an 
effect on metabolism of the Martian organism may not be readily 
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discernable. Second, it is difficult to maintain licliens in the laboratory 
(70). .Under favorable growth conditions, lichens dissociate into free- 
living algae and fungi. Stressed conditions such as a low nutrient level, 
combined with alternating periods of wetting and drying will stabilize 
the symbiosis. However, this would subject the Martian organism to 
additional, and cyclic, stresses. Finally, lichens produce acids 
believed to inhibit other microorganisms. These may be inhibitory to 
the Martian forms. Several of these problems, such as whether the 
metabolic rate is too low for short-term monitoring, can only be 
resolved by laboratory tests. On the other hand, lichens have many 
advantages as test systems. Using this system, all three vital pro- 
cesses can be studied in a nitrogen-fixing lichen. Also, more than one 
organisms would be exposed to the Martian organism. Finally, lichens 
are known to grow under conditions of cold and low nutrients. Because 
of these advantages, the problems posed by the lichen system should be 
evaluated in laboratory studies. 

The third system consists of an algal-bacterial association in 
which algal photosynthesis provides oxygen for bacterial heterotrophy 
which, in turn, produces carbon dioxide for the alga. One member of 
this association would be specifically selected to fix nitrogen. This 
system possesses several advantages. First, more than one organism 
is exposed to the Martian sample. Second, the rate of metabolism can 
be controlled at a level high enough that small variances will be 
apparent. Third,r as opposed to the two previous systems, no cyclic 
environmental stresses are necessary. This will materially simplify 
the engineering design and required support system. Fourth, a balanced 
two - component system is higlily sensitive because of the absolute inter- 
dependencies of the components. However, this sensitivity also makes 
it difficult to maintain. Such a system will require laboratory testing to 
determine whether the balance between the two organisms can be main- 
tained for the necessary length of time. 
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Systems Four and Five can be considered together since they are 
basically the same. Both systems are dual systems containing the same 
two components, a blue-green alga and a bacterium. The systems differ 
in whether nitrogen-fixation is studied in the bacterial or algal component. ' 
There are many advantages to a dual system. First, as in Systems Two 
and Three, several terrestrial microorganisms are exposed to' the Martian 
forms. Second, no cyclic environmental stresses need be applied to the 
Martian organism. Third, conditions for each terrestrial organism can 
be controlled separately permitting one to be tested under Martian condi- 
tions, Fourth, changes in the rate of metabolism will provide a sensi- 
tive monitor. These systems should also be laboratory tested. 

Thus, following the elimination of System One, in which environ- 
mental conditions must be cycled so that the organism would alternate 
between photosynthesis and heterotrophic metabolism, four microbial 
systems remain for testing in the laboratory. These consist specifically of 
(1) a lichen, (2)^an algal bacterial symbiosis, (3) an alga and a nitrogen- 
fixing aerobic bacterium, and (4) an aerobic heterotrophic bacterium and 
a nitrogen-fixing blue-green algae. 
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III. PRELIMINARY DEFINITION STUDY OF 

PLANETARY RECEIVING LABORATORY (PRL) 

A. ' Summary of Quarterly Activities 

The following activities were carried out in conjunction with 
our study of the requirements of a Planetary Receiving Laboratory:. 

o. A tour of the storage facilities for lunar material at 
Johnson Spaceflight Center and discussions with 
knowledgeable NASA personnel connected with the 
Lunar Receiving Laboratory were conducted. 

© The quarantine protocol documents for the lunar 

program were reviewed in conjunction with the above 
discussions. 

0 A NASA Johnson Spaceflight Center survey on the 
impact of sterilization regimens on petrological, 
geochemical and geophysical characterization of a 
returned planetary sample was reviewed. 

o A questionnaire and cover ‘letter to be used in a 
survey of potential Planetary Return sample 
experiments was formulated. 

9 The compilation of a mailing list of scientists 
potentially interested in a Mars Return Sample 
was initiated. 

B. Problems Encountered in the Lunar Return Sample Program 

The tour and discussions with NASA persomiel esq^erienced in 
the Lunar Return Sample Program confirmed our preliminary conclusions 

(91): 


o The biological containment systems are inadequate. 

o Much of the physical instrumentation is incompatible 
with biological barrier concepts in. use. 

Better quarantine protocols and experiment design are 
needed to maximize the use of the return sample. In 


o 
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particular, specialized equipment requiring small 
samples and compatible -witb. quarantine requirements 
are needed. 

o Much o£ the quarantine protocol was poorly defined. 

For example, it was said to be harder to get material 
from the primary storage chamber to an analytical 
instrument inside the Lunar Receiving -Laboratory 
than it was to take this same material outside to a 
separate facility. 

o Use of small, resealable containers which can be 
easily sterilized would offer major advantages over 
the glove box systems. 

In adiiition. Dr. M. Reynolds, officer for sample contamination in 
the lunar program, and Di*. M, Duke, Curator of Lunar Materials, 
summarized their recommendations for a Planetary Return Sample 
Program based on observations of the problems encountered in the 
. Lunar Program: 

G An overview panel of scientists should be established 
and should exercise strong advisory control over all 
phases of the program, including, particularly, the 
planning, design, protocol formulation, and sample • 
utilization prioritization. ' • 

o' A contamination control group should be established 

in the planning phase of the program and should provide 
advice to the design engineers. This control group 
should follow the program to completion and be charged 
with the responsibility and given sufficient authority to 
insure that contamination of the sample is held to a 
minimum in the acquisition, experimentation, and 
storage phases of the program. 

O It should be recognized that competition for samples 
will be very strong and an equitable and scientifically 
sound method and machinery for allocating sainples 
should be instituted as early in the program as 
’ practicable. 
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© The sample requirements for life detection and bio- 
hazard assessment were Targe in the Lunar Program. 
Developm-ent of techniques for minimizing the sample 
requirements for these functions should receive high 
priority. 

o Strong management control of the interrelated functions 
of preservation, experimentation, and quarantine 
maintenance should be instituted for a Planetary 
Return Sample Mission. 

Dr. Kelton Ferguson and others of Johnson Spaceflight Center 
also contributed views on the Lunar Program and a possible planetary 
mission. The views did not depart from the above summary in any 
significant way. 

C. Development of Questionnaire 

In the process of preparing our questioniicdre for soliciting 
information about potential Planetary Return Sample experiments, we 
reviewed the results of a Johnson Spaceflight Center survey on the 
effects of sample sterilization. The responses were useful in identify- 
ing scientists in the physical sciences with a high degree of interest in 
a Planetary Return Sample Mission and in formulating the present 
questionnaire. 

A draft of our proposed questionnaire is attached as Appendix I 
for NASA review. The cover letter is written for Dr. Richard S. 
Young's signature although the logistics' of printing; mailing and 
processing the responses would be performed by Biospherics 
Incorporated personnel. It was felt that an official NASA inquiry under 
Dr. Young's name would be more effective in soliciting responses. 



Quarterly Progress Report 
- Contract N'ASW -2856 
page 46’ 

BIOSPHERICS INCORPORATED 
IV. FUT-URE PLANS 

During the next reporting period, -the varying methods of trans- 
porting and maintaining candidate organisms for long periods will be 
surveyed and their restrictions considered in selecting the organisms to 
be tested. Preliminary laboratory eJMorts will be directed toward the 
acquisition of these strains and establishment of culture maintenance • 
techniques. Since the moisture level is an important consideration in 
both approaches to ecosystem 'development, the minimal moisture level 
that will permit active metabolism, and not merely survival, will be 
determined for the strains under consideration. 

In regard to the design of the Planetary Receiving Laboratory,, 
the questionnaire will be modified to reflect NASA's comments and will 
be sent to scientists and engineers for completion. The list of interested 
scientists is being compiled from experimenters in the lunar and YilHng 
'programs and recognized experts in the life and physical sciences who are 
thought to have an interest in a Mars Sample Return Mission. The returns 
from the survey will be categorized and a preliminary assessment of the 
results will also be completed in the upcoming period. 


Respectfully submitted. 
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APPENDIX I 



Dear 


NASA is considering the feasibility of returning material from tlie 
Martian surface in the 1980' s. As a part of the overall feasibility analysis, 
it is necessary to define, at least in broad terms, the kinds of experiments- 
to be performed on the returned material, the availability of suitable instru- 
mention, and the experimental difficulties which might arise from sterili- 
zation procedures and quarantine constraints. The objective of the attached 
questionnaire is to obtain such information. We are not addressing here 
the larger issues of whether a Martian sample should be returned or what, 
if any, sterilization procedure would' be prudent. 

A principal use of the questionnaire data will be in evaluating the 
feasibility of quarantine protocols, the facilities and design of a Planetary 
Receiving Laboratory, and overall approaches to experimentation on a re- 
turned sample. Many of you have had direct experience at a detailed and 
experiment specific level on the Lunar program. NASA believes that this 
valuable experience should be utilized in planning for future planetary 
missions. Recognizing that you have a busy schedule, we have attempted 
to design the questionnaire to minimize the time required for you to pro- 
vide the information. 

Please complete the questionnaire giving the specified information 
for what you believe to be the most significant experiment in your field of 
expertise. If you feel other experiments are also of prime importance, 
please complete one questionnaire for each experiment. Additional forms 
are available from this office or you can duplicate the enclosed form. 

A number of the questions are directed at determining the feasibility 
of sample sharing and the minimum sample size I'equired for each experi- 
ment. Since only a very small quantity of sample can be returned, this 
issue is very important. It is also imperative tliat needs for special equip- 
ment necessary for a valid experiment under quarantine conditions be 
identified early. This information can provide a basis for establishing 
priorities and needs for equipment development. 

Other concise information, in the form of written comments, re- 
search abstracts, papers, etc. , whichyou feel could aid in understanding 
the problems to be encountered in a Planetar^*' Return Sample Experi- 
mentation Program would be appreciated. 

The information will be used only in the development of Planetary 
Return Sample objectives. A Plan.etary Return Sample Project has not 
yet been authorized by NASA. This is not a Request for Proposal. 

We request that you fill out the attached questionnaire and return 
it by . 


Thank you very much for your cooperation. 



PLANETARY RETURN SAMPLE QUESTIONNAIRE 


Descriptive title of experiment; 

Scientist (Name of Scientist Responding to Questionnaire. List co- 
investigators if appropriate). 

a. Name: 

b. Organization Affiliation: 

c. -- Address: 

d. Telephone: 

Brief description of experiment; 


Scientific justification of experiment: 


Parameters to be measured: 



- 2 - 


5. Is your experiment dependeiat upon other experiments or analyses 

performed on the sample? If so, •which? 


6 . 


Briefly describe equipment required (type, sensitivity, accuracy, etc, ); 



-3- 


7, Is commercial equipment available? I£ so, list type and identifying 
nomenclature for equipment which requires minimum quantity sampler 


8. How many discrete samples are required? 


- 9 . What is the minimum size and form for each sample? 



-4- 


10. Does your experimental technique alter the sample? If so, 

describe cause and alterations expected; 


11, Describe environmental conditions required during sample storage 
vfhich are critical to validity of your experiment: 


12. Describe environmental conditions required during the experiment: 



List other experiments which could he performed on your sample 
prior to your experiment: 


List other experiments which could be performed on your sample 
after your experiment: 


List key contaminants and concentrations which would seriously 
.interfere with your experiment: 



- 6 - 


16, It is anticipated that some form of heat sterilization might be required. 
Define the adverse effects of the following sterilization regimens on 
your experiment: 

a. 110°C, dry, Martian atmosphere, cyclical from ZO^ to 40°C, 

24-hour cycle for 90 days; 

Effect; No ; Minor ; Severe ; Unknown 

Comment on affected parameters: 


b. ■ 150°C, dry, Martian atmosphere, 30 days: 

Effect: No ; Minor ; Severe_ Unknown 

Comment on affected parameters: 


c. 150°C, dry, Martian atmosphere, one week: 

Effect: No^ ; Minor ; Severe ; Unknown 

Comment on affected parameters: 



-Y- 


d. 350°C, dry, Martian atmosphere, one day 

Effect; No ; Minor ; Severe ; Unknown 

Comment on affected parameters; 


17, Could your experiment he performed within an isolation chamber using 

remote manip\ilators? . Comment briefly (estimate size and 

capability required of chamber and manipulator, i. e. , special equip- 
ment): 


Could your experiment be performed by an astronaut scientist or 

technician under your remote supervision? Comment 

briefly; 


18 . 



It may be necessary to perform your experiment under very strict quarantine 
conditions. Comment on the degree of access absolutely essential to 
the success of your experiment, manipulation techniques applicable and 
difficulties you foresee in operating under limited access conditions and 
for post-experiment cleanup: 



